Objectives: Depression is a common cause of morbidity. Sufferers are very sensitive to many external factors. Emergency department (ED) visits for this condition can be associated with the concentration of ambient air pollutants. The study objective was to examine and assess the associations between ED visits for depression and ambient air pollution. Design and Methods: The present study analyzed 15 556 ED visits for depression at Edmonton hospitals between 1992 and 2002. The data were clustered based on the triplet {year, month, day of the week}. The generalized linear mixed models (GLMM) technique was used to regress the logarithm of the clustered counts for ED visits for depression on the levels of air pollutants (CO, NO 2 , SO 2 , O 3 , PM 10 and PM 2.5 ) and the meteorological variables. The number of ED visits for depression was analyzed separately for all patients, and males and females. An analysis by season was also conducted: for the whole year (I-XII), warm season (IV-IX), and cold season (X-III). Results: After adjusting for temperature and relative humidity, the following increments in daily depression-related ED visits could be noted: 6.9% (95% CI: 1.3, 12.9) for carbon monoxide (CO) for all patients in warm season; 7.4% (95% CI: 0.5, 14.8) for nitrogen dioxide (NO 2 ) for female patients in warm season; 4.5% (95% CI: 0.1, 9.1) for sulphur dioxide (SO 2 ) for female patients in warm season; 6.9% (95% CI: 0.6, 13.6) for ground level ozone (O 3 , 1-day lagged) for female patients in warm season; 7.2% (95% CI: 2.7, 12.0) for particulate matter (PM 10 ) for females in cold season; and 7.2% (95% CI: 2.0, 12.8) for particulate matter (PM 2.5 ) for females in cold season. Conclusions: The findings provide support for the hypothesis that ED visits for depression are associated with exposure to ambient air pollution.
INTRODUCTION
Depression, which is a common cause of morbidity, is an important health problem. The condition is associated with an imbalance of brain chemicals, triggered by stress, life events as well as a combination of biological, psychological and social factors, and the physical components of air pollution along with other factors. There is no single cause of depression, neither is it fully understood. The burden of the disease in terms of human suffering cannot be estimated. Some people experience seasonal cycles of depression, particularly in winter. The goal of this study was to verify a hypothesis that environmental exposure to ambient air pollutants may be associated with an elevated number of depression episodes.
We conducted a time-series study to analyze how emergency department visits (ED) for depression can be linked to the concentrations of ambient air pollutants and weather variables. We did not design any experiment or sample selection procedure and used the data from hospital records as they had been recorded. The number of ED visits for depression depends on a variety of external factors. The present study concerned exposure to air pollutants, and weather conditions. Statistical models were constructed for different air pollutants: gases (CO, NO 2 , SO 2 , and O 3 ) and airborne particulates (PM 10 and PM 2.5 ). The current day, 1-day lagged and 2-day lagged concentrations of air pollutants were considered. The models were fitted for temperature and relative humidity
Meteorological data
Environment Canada supplied data for selected weather variables that were recorded and made available hourly. In the present study, temperature and relative humidity were considered in the analysis. The daily mean, as an average of hourly readings (24 measurements), was used to represent these weather parameters. In the final models, the weather variables were used as confounders in a linear and spline form.
Air pollution data
The hourly air pollution data were obtained from fixed monitoring stations in Edmonton. These data were also supplied by Environment Canada. For every ambient air pollutant, we obtained data on 24 measurements carried out at the monitoring station at hourly intervals. These covered gaseous pollutants: carbon monoxide (CO), nitrogen oxide (NO 2 ), sulphur dioxide (SO 2 ), ozone (O 3 ), and airborne particulates: with median aero-diameter of 2.5 µm or less (PM 2.5 ) and with median aero-diameter of 10 µm or less (PM 10 ). As regards the daily shared population exposures, they were expressed as the arithmetic mean of the results of calculations of the mean daily concentration from all the daily measurements performed by a single monitoring station for a given pollutant.
Statistical analysis
To estimate the short-term effect of air pollution on the number of daily ED visits for depression, we applied a multilevel modeling methodology. At first, we defined clusters for available data. The records were clustered by the days of the week within one month of the same year. The data were grouped and analyzed according to the defined clusters. The clusters represent embedded multilevel hierarchical relations: days are nested in week days, week days are nested in months, and months are nested in years. With this convention, ED visit days were grouped according to the specified triplet {year, month, day of week}, which expresses the hierarchical structure. We used Poisson models. Random intercept Poisson regression was applied to respect the hierarchical structure of the cluster. Random effects were introduced to express as confounders. The final models were constructed with one pollutant and two weather factors (temperature and relative humidity). The literature on the association between exposure to ambient air pollutants and ED visits for depression is rather scarce [1] . Some studies link cardiovascular and psychiatric disorders [2] . Other health conditions which are affected by air pollution can be linked to depressive symptoms [3] . Jasper et al. [4] who conducted a prospective longitudinal study of carbon monoxide poisoning found that CO poisoning may result in significant depression and anxiety that persists for at least 12 months. Other studies also demonstrated a relationship between depression and exposure to air pollutants [5-6]. These references provide justification for the present study. To our knowledge, noone has attempted a time-series study to investigate a possible link between exposure to air pollutants and depression episodes.
MATERIALS AND METHODS
The data on ED visits were supplied by Capital Health for all the five hospitals in Edmonton area. Capital Health is an academic-based health system and one of the largest integrated health regions in Canada. The system provides complete health services to one million residents. The data covered the period between April 1, 1992 and March 31, 2002. The ED visits for depression were identified based on a discharge diagnosis of depression using the International Classification for Diseases, 9
th Revision (ICD-9), rubric 311 [7] . In the database used, the diagnosis, expressed by the ICD-9 code, was also accompanied by a standardized string labelled "DEPRESSIVE DISOR-DERS NEC". In total, the analysis concerned 15,556 ED visits for depression over a span of 3,652 days. This represents approximately 0.5% of all 2,946,714 ED visits to these hospitals recorded over the study period. The study population were people serviced by EDs of the five Edmonton area hospitals. In addition, to verify the analysis, the ED visits for anxiety were studied as well. There were 23,178 ED visits for anxiety identified by the ICD-9, rubric 300 [7] . Figure 2 shows the results for the same scenarios that were yielded by models where temperature and relative humidity were included as splines (nonlinear). Natural splines were applied with 3 degrees of freedom. Table 3 provides numerical values of the results presented in Figure 1 . The table reports the percentage changes (% RR) in ED visits for depression and 95% confidence intervals (95% CI) associated with an increase in the dependency and unobserved heterogeneity. We built the models with the number of daily visits for depression as a response. A given pollutant and two weather parameters, temperature and relative humidity as confounders, were used as independent variables in the constructed models. All the variables used in the models were lagged by the same number of days (0, 1, or 2) . The analysis was performed using R software with the glmmPQL function [8] . This function implements the algorithm related to the generalized linear mixed models (GLMM) methodology. The GLMM method used on the triplet {year, month, day of week} begins to be called the Polish method [9-10].
RESULTS
The results are presented in three tables and two figures. Table 1 contains the number of ED visits for depression in Edmonton hospitals by age and sex. Of the total number of ED visits for depression (N = 15,556), 59.4% (n = 9,238) referred to female patients. More than half (70.9%) concerned patients aged between 20 and 50 years. The percentage of total visits by months was 7.7% in February, and 8.8% in May. The percentage of total visits by the days of the week varied from 13.0% on Sundays (13.0% on Saturdays) to 15.2% on Mondays. The daily mean number of visits was 4.3 (SD = 2.5) with minimum = 0, and maximum = 15. Relative humidity (%) 3,652 66.0 13.6 66.1 18.5 interquartile range (IQR, the 75 th -25 th percentile of pollutant concentrations) of exposure to the study pollutants after adjusting for temperature and relative humidity. Only the results that showed positive and statistically significant associations between exposure and ED visits for depression were included in the table. We found statistically significant associations between emergency admissions for depression and exposure to CO, NO 2 , SO 2 , O 3 , PM 10 and PM 2.5 . The results indicate that the influence of air pollution on depression episodes was more pronounced in the female patients. The same analysis was applied to ED visits for anxiety. All the results were negative; the ED visits were not related to the ambient air pollutants under study.
DISCUSSION AND CONCLUSIONS
In this study, the short-term effect of ambient air pollution exposures on daily ED visits for depression in Edmonton, Canada, was found to be positive and statistically significant. The highest percentage increase in ED visits, 7.2% for current day exposure, was found for exposure to PM 10 (as well as PM 2.5 ) in a cold season (X-III) and applied to female patients. Significant associations were also found for exposure to CO and NO 2 . The increased levels of CO and NO 2 (later O 3 ) are due to motor vehicle traffic. It is thus possible that road traffic may contribute to an increased incidence of ED visits for depression. The study results revealed between-gender differences in depression risk related to air pollution. Females appeared to be more susceptible to the effects of air pollution [11] . The obtained results indicate the potential association of ED visits for depression with some ambient air pollutants. Our study covered the depression episodes that made the patient seek emergency treatment. In this context, it is important to say that in most cases the patients with depression do not need to visit an emergency department; the treatment they receive is usually enough. However, a certain group of patients with depression are seen in the ED. Many of them may visit the ED with air pollution-related illness as a chief complaint. There is a possibility that depression may be a consequence of other morbidities that are associated with air pollution. In Great Britain and Germany, there are health systems which predict the number of ED visits basing on the concentrations of ambient air pollutants. In Great Britain, the system is available to ED services, and in Germany, it is available to the public. The findings of the present study should be interpreted as follows: elevated concentration of air pollutants is associated with elevated number of ED visits for depression. Such associations are well known for ED visits for cardiorespiratory problems. The limitations of this study are typical of this type of research. They include the impact of measurement errors for the factors considered (ambient air pollutants) and recorded (diagnosed) ED visits for depression. Also the adequacy of the covariates used in the models is important. The models applied in this study were based on the triplet {year, month, days of week}. This is the most convenient cluster structure. It naturally maps the date of ED visits and many properties related to the calendar time. It should be emphasized that the dependency of ED visits for depression on ambient air pollution, reported in this paper, is correlational in nature and may not reflect a causal process. The study results show that an increase in the concentration levels of ambient air pollutants is related to an increase in the number of such visits.
